Autoimmune hemolytic anemia (AIHA) is a rare disease in which autoantibodies target red blood cells (RBCs), leading to anemia that ranges from no symptoms to severe life-threatening hemolysis. Little is known about the severity of anemia, blood transfusion efficiency and risk of transfusion-related reactions among hospitalized AIHA patients, especially in those with incompatible RBC transfusions.
Introduction
Autoimmune hemolytic anemia (AIHA) is a rare autoimmune disease characterized by an increased destruction of red blood cells (RBCs) mediated by autoantibodies against autologous RBCs. The incidence of AIHA in adults is 1 to 3 cases per 100,000 per year. [1] AIHA can be classified according to serologic or clinical characteristics. Approximately 75% to 80% of AIHAs are caused by warm autoantibodies, and the others result from cold or mixed autoantibodies. [2] In addition, AIHA can be subdivided into primary and secondary AIHA depending on whether there is an underlying disease. [3] Anemia caused by AIHA ranges from mild to severe. In some cases, the anemia is gradually or fully compensated. However, there are still some patients who develop life-threatening anemia, and RBC transfusions are urgently needed.
Blood transfusions for AIHA patients are challenging. The first problem is the difficulty in providing the patients with serologically compatible RBCs since the autoantibodies react to all screening cells and donor cells. Moreover, the autoantibodies also destroy donor RBCs, which may aggravate the hemolysis. The second problem is the increased risk for hemolytic transfusion reactions (HTRs) in these patients. It was reported that alloantibodies were found in 20% to 40% of AIHA patients. [4, 5] The presence of autoantibodies can mask the presence of alloantibodies. Specialized compatibility testing procedures that allow for the detection of alloantibodies in patients with autoantibodies are time-consuming, expensive, and technically challenging. Moreover, these procedures cannot be routinely performed in most transfusion departments. The transfusions for AIHA patients are always delayed, which may sometimes lead to death. [6] To date, the decision for transfusions in AIHA patients is still mainly empirical and is based on the clinician's opinion. [7, 8] Instead of performing complicated pretransfusion testing, selecting the weakest agglutinated RBC units during the crossmatch is a compromising alternative procedure conducted in many laboratories. [9] However, we do not know which approach is better because there are few reports on transfusions for hospitalized AIHA patients, and the effects and adverse reactions are also unknown.
Therefore, we conducted this study with hospitalized AIHA patients by reviewing the comprehensive data, including demographic characteristics, diagnosis, treatments, and outcomes, to assess the effectiveness and adverse reactions of transfusion. The relationship between transfusion triggers and patient outcomes was also evaluated in this study. Absence of any other causes of acquired or hereditary hemolytic anemia, such as paroxysmal nocturnal hemoglobinuria and glucose 6-phosphate dehydrogenase deficiency. Patients with a negative DAT result but with the other aforementioned criteria for AIHA were included if steroid treatment was effective. Data were collected from the hospital information system (HIS) and laboratory information system, including the complete clinical, laboratory and transfusion information for all patients treated at the hospital.
Methods

Patients
Secondary AIHA
Patients who met the above eligibility criteria but had an underlying disease that caused immune destruction of RBCs were classified as secondary AIHA. All diagnoses were extracted from the HIS, and the secondary AIHA patients were categorized by their main diagnosis.
Treatment
The following treatments were used:
Steroids (either via oral or intravenous routes); Splenectomy; Rituximab; Immunosuppressant drugs; Immunoglobulin; Plasma exchange; and Cytotoxic drugs.
Other than steroids, the other treatments were viewed as second-line therapies. In addition, transfusions were also recorded.
Outcome assessment
We assessed the treatment outcomes according to the following criteria at the end of hospitalization. A complete response (CR) was defined as an Hb level ≥120 g/L. A partial response (PR) was defined as an Hb level ≥100 g/L or an increase of at least 20 g/L from the baseline value. The clinical outcomes included death and remission. Remission was defined as CR or PR at the end of hospitalization.
Transfusion reactions
The transfusion reactions were defined and classified according to the American National Healthcare Safety Network Biovigilance Component Hemovigilance Module Surveillance Protocol V2.4 National Healthcare Safety Network Manual, 2017.
Transfusion effectiveness and HTR risk estimation
The transfusion was defined as effective when there was an increase in the Hb level of at least 5 g/L per unit of RBC (1 unit consisted of RBC derived from 200 mL of whole blood) transfused within 24 hours in patients without active bleeding.
A scoring system was created to estimate the risk for potential masked alloantibody-related HTR and was defined as the following: negative screening tests had a value of 0, screening tests with 1 or 2 cells reactive and at least 1 cell nonreactive had a value of 1, screening tests with all 3 cells reactive but with no patient history of transfusion or pregnancy had a value of 2, and screening tests with all 3 cells reactive and a patient history of transfusion or pregnancy had a value of 3. When a patient's HTR score reached 3, the least-incompatible blood was selected by testing the reactivity of the patient's serum against >8 ABOcompatible units and choosing those that were best matched for transfusion. Patients with an HTR score of 2 were provided with ABO-compatible units, and the others were provided with crossmatched RBC.
Statistical analysis
Pearson Chi-square tests were used to compare categorical variables. The Mann-Whitney U test and Kruskal-Wallis test were used to compare the median (range) value of continuous variables between 2 groups and among more than 2 groups, respectively. Multivariate regression analysis was applied to explore which factors were associated with the outcomes of AIHA, such as age, sex, hospital stay, transfusion, treatment, Hb level at admission, classification of AIHA (primary or secondary), and the lowest Hb during hospitalization. All statistical analyses were performed using SPSS 20 for Windows (SPSS Inc., Chicago, IL), and P values <.05 were considered statistically significant.
Results
Baseline characteristics of the patients
A total of 450 hospitalized patients met the eligibility criteria, with a median age of 51 years (quartile 34 -64 years) and a median hospital stay of 17 days (quartile 11-29 days). Among them, 315/450 (78.5%) were females, 438/450 (97.3%) had warm AIHA, and 321/450 (70.7%) had AIHA secondary to an underlying disorder or condition.
As shown in Table 1 , the secondary AIHA patients were younger than the primary AIHA patients. However, compared to the primary AIHA patients, the secondary AIHA patients had a higher rate of blood transfusion, more frequent second-line therapy and poorer remission rate.
To understand the severity of their anemia, the patients were divided into 4 groups according to their Hb levels at admission: Hb < 30 g/L (15/450, 3%), Hb 30 to 59.9 g/L (153/450, 34%), Hb 60 to 89.9 g/L (206/450, 46%), and Hb ≥90 g/L (76/450, 16 .9%) ( Table 2 ). As expected, the concentration of TBIL and LDH increased with the severity of anemia (P < .001). The lowest Hb values during hospitalization decreased progressively with as the anemia worsened (P < .001), whereas the following variables showed no differences among groups: age (P = .561), sex (P = .949), type of therapy (P = .263), reticulocyte count on admission (P = .113), primary/secondary AIHA (P = .957), hospital stays (P = .771), and death (P = .992). The transfusion rate increased with the severity of anemia on admission (P < .001) and was higher than 92% in patients with Hb < 60 g/L but dropped to less than 47% in patients with Hb > 60 g/L. Moreover, the remission rate was higher in groups with Hb < 60 g/L than in those with Hb > 60 g/L.
Cause of secondary AIHA
Almost half of the secondary AIHA cases were associated with connective tissue diseases 159/321 (48.8%), one-third of them were lymphomas and hemopoietic neoplasms (113/321, 34.7%), followed by infectious diseases (19/321, 5.8%), other immunebased and miscellaneous disorders (13/321, 4%), tumors (9/321, 2.8%), drug-associated disease (4/321, 1.2%), and undetermined diseases (4/321, 1.2%) (see Table 3 ). In general, the most common diseases seen in secondary AIHA patients were SLE (30.1%), non-Hodgkin lymphoma (15.6%) and chronic lymphocytic leukemia (5.3%).
Treatment
Overall, 408/450 (90.7%) AIHA patients received corticosteroids as first-line treatment. Prednisone (1 mg/kg or 40 mg/d) or dexamethasone (10 mg/d or 15 mg/d) were the 2 most frequently used steroids. Second-line therapies were administered to 150 of 450 (33.3%) patients in combination with steroid treatment, such as steroid-sparing or steroid-substituting agents, among which rituximab was given to 26/450 (6%) patients. Splenectomy was performed in 7 patients, 4 patients had enlarged spleens, 1 suffered from active idiopathic thrombocytopenic purpura in the setting of Evans' syndrome, 1 developed splenic infarction, and the last one showed no response with dexamethasone (15 mg/d), azathioprine or cyclophosphamide treatment. Generally, fewer Table 1 The baseline characteristics of primary and secondary AIHA patients. primary AIHA patients were treated with second-line therapies than those with secondary AIHA (see Table 1 ). In addition, 27 patients did not receive corticosteroids or second-line therapy for AIHA, and 17 of them had severe infections.
Outcomes of AIHA and the associated risk factors
A total of 182 (40.4%) patients achieved remission at the end of hospitalization, with only 12 (2.7%) achieving CR. Twenty-two (4.9%) patients died, among whom 20 died of infection, 1 died of intracranial hemorrhage, and 1 died from inspiration asphyxia. In the multivariate regression analysis, primary AIHA (P = .012, 95% confidence interval [CI]: 1.144-3.034) was associated with a favorable remission rate, while low Hb on admission (P < .001, 95% CI: 0.960-0.985) and nadir Hb during hospitalization (P < .001, 95% CI: 0.955-0.984) were associated with poor remission. In the analysis to identify risk factors for patient death, age was the only factor significantly associated with death (P = .005, 95% CI: 0.929-0.990).
Transfusion reaction assessment
A total of 2509.5 U RBCs were transfused to 269 patients in 1112 episodes. The transfusion medical records with information on temperature, Hb level, symptoms and sign changes 24 hours after the transfusion were available for 885 of the 1112 episodes. In total, 14/885 (1.6%) led to transfusion-related adverse reactions, including 13 cases of febrile reactions, 1 case of an allergic reaction, and 1 case of somatic symptoms (headache and blood pressure elevation) but no other hemolytic blood transfusion reactions. A total of 148 transfusion episodes were prophylactically supplemented with dexamethasone or promethazine. There was no significant difference in the occurrence of adverse transfusion reactions between the groups with and without prophylactic medication (2/148 vs 12/737, X 2 = 0.781, P = .563).
Transfusion efficiency and HTR risk estimation
Two hundred sixty-nine out of 450 (59.7%) patients received RBC transfusions, and the Hb level increased from 52.0 ± 9.3 g/L to 65.1 ± 11.9 g/L. Each patient received a median of 5 (quartile 5-10) units RBC during the hospital stay. Transfusion efficiency was evaluated in 352 transfusion episodes, and 58.5% of them were considered efficient.
A total of 157 transfusion episodes had positive antibody screening tests, among which the 3 cells were all positive in the screening tests of 138 transfusions. The HTR risk score was distributed among the 352 transfusions as follows: 55.1% scored 0, 5.4% scored 1, 9.0% scored 2, and 30.5% scored 3. However, the transfusion efficiency did not significantly change with the HTR risk score (P = .253). This may contribute to the fact that the least incompatible crossmatching strategy effectively reduced the potential alloantibody-associated HTR risk.
Transfusion in primary AIHA patients
The nadir Hb of primary AIHA patients was stratified into 5 groups as per protocol: <30 g/L, ≥30 and <40 g/L, ≥40 and <50 g/L, ≥50 and <60 g/L, and ≥60 g/L (as shown in Table 4 ). In the group with worsening nadir Hb levels, the average Hb levels before transfusion also progressively decreased (P < .001). The remission rate (P < .001), second-line therapy rate (P = .009), and frequency of an HTR risk score of 3 (P = .004) were all higher in the group with lower nadir Hb levels than in the group with high levels, while the age (P = .446), total number of RBC transfusions (P = .068), and length of hospital stay (P = .194) were not significantly different among these groups. Patients with nadir Hb values between 40 and 50 g/L showed the best remission rate, but a further decrease in nadir Hb was not associated with an increase in remission rate (as shown in Table 4 ).
Discussion
The most concerning problems in the pre transfusion testing of AIHA are the presence of underlying alloantibodies, the RBC compatibility between patient sera and donor RBCs, and the potential for HTR. Limited clinical trials have focused on transfusion practices in AIHA patients. Our study provides data showing that transfusions with the least incompatible blood did not adversely affect transfusion efficiency. This is important for clinicians since there should be little delay in transfusions, should they be deemed necessary.
Selecting RBCs for transfusion according to the "least incompatible units" is controversial. This approach has been reported to be less sensitive than the adsorption method in detecting underlying clinically significant alloantibodies (particularly when the alloantibody titer is lower than that of the autoantibodies). [9] However, a previous study showed in a 7-day follow-up that transfusions with the least incompatible RBCs for AIHA patients were as effective as RBC transfusions in a control group with patients positive for alloantibodies only or those without RBC-specific antibodies. [10] Another study found that 53 patients with detectable autoantibodies did not have a definite increase in hemolysis within the first 6 months of transfusion, even when the transfused RBC were serologically incompatible. [11] In our study, the transfusion efficiency was not associated with HTR risk when least incompatible units were provided. Our finding supported that selecting the least incompatible units for transfusions was effective in preventing patients from developing HTR. Given the feasibility and cost effectiveness of this method, the practice of selecting RBCs for AIHA patients by least incompatible crossmatching is reasonable. Nevertheless, the procedure of providing phenotype/genotype-matched RBCs or performing complex procedures of serologic work-ups with adsorption can theoretically provide an increased level of safety by decreasing the potential HTRs. The mechanism of AIHA is still unknown, as only a small portion of autoantibodies cause hemolysis. [12, 13] Further studies to identify the specific autoantibodies that will become clinically significant could offer a great advantage to guiding the practices for RBC-selection strategies.
Setting an Hb level as the trigger for RBC transfusions with more restricted thresholds for AIHA patients than healthy controls is supported by this study. The remission rate was higher in AIHA patients with Hb < 60 g/L at admission. We further support that an Hb value between 40 and 50 g/L was the best transfusion threshold for AIHA patients, as the best remission rate was obtained in primary AIHA patients with a nadir Hb between 40 and 50 g/L. Remission was evaluated at the end of the hospitalization period, with a median length of 17, which mostly resulted from Hb changes from transfusion. A previous study showed that 14 patients with initial Hb levels <50 g/L had more Hb changes at day 2 post transfusion than those Hb levels >50 g/ L and suggested that patients with severe anemia consistently exhibited a significantly greater degree of transfusion benefits than those with mild-moderate anemia. [10] Unlike a previous study that focused on the results of 1 transfusion episode, we focused on the results of transfusions through a hospitalization period, and we used the nadir Hb to reflect the transfusion trigger.
It is highly important whether transfusions for AIHA patients are associated with an increased risk for transfusion reactions, but it has never been reported. Generally, the adverse transfusion reaction rates were comparable to those from the NHSN Hemovigilance Module in the United States, which reported 5136 adverse reactions among 2,144,723 components transfused (239.5/100,000), in which allergic and febrile nonhemolytic reactions were most frequent. [14] However, transfusion premedication was implemented in 10% of the AIHA patients, which was twice that reported in routine clinic RBC transfusion practices. [15] Consistent with a previous study that showed that transfusion premedication to prevent transfusion reactions was not supported by evidence, [16] our results showed that prophylactically using medication to reduce the rate of transfusion reactions was also unnecessary in AIHA patients.
In contrast to a previous study, our study provided a new view on the outcomes of AIHA patients. We need to note that the remission rate in our study represented the midterm outcome and that patients with remission still need therapy in the future. Remission, defined as achieving CR or PR without transfusion, steroids or second-line treatment, was estimated to be achieved in less than 70% of patients with steroids alone, as 157/450 (29.6%) patients received at least 1 second-line therapy, which was mostly applied after a failure to respond to steroids. In a study with a long follow-up, remission was observed in 75% of the patients who took steroids, whose median time to achieve PR was 15 days and that to CR was 40 days. [17] The baseline characteristics of our population were mostly similar to those already reported, except for the relatively higher frequency of SLE in secondary AIHA patients and lower incidence of cold AIHA. [18, 19] SLE was the most common disease observed for secondary AIHA and was mostly reported in Asian regions, [20, 21] suggesting an important clue for diagnosis. [22] [23] [24] It is also worth noting that far fewer patients used rituximab and underwent splenectomy in our study than in a previous study. [17, 25] The main limitation of this study was that the observation period ended when patients were discharged. As a tertiary medical center, patients came from a vast region of Western China and easily discontinued their follow-up visits when they left the hospital. Although the outcome of each patient in a longterm follow-up cannot be drawn by our study, we provided a cross-sectional analysis with a large sample size to understand the AIHA presentations in hospitalized patients and their severity, classification, demographics, transfusion efficiency, transfusion adverse reactions, and remission rate. In addition, the study was also limited from its retrospective study design. For example, the 2nd therapy = patients with second line therapy, AIHA = autoimmune hemolytic anemia, Hb = hemoglobin, HTR = hemolytic transfusion reaction, Post-Hb = average Hb post-transfusion, RBC = red blood cell, RBC required = age and hospital stay were all presented as average. * A significant differences among each group as P < .05
Chen et al. Medicine (2020) 99:2 www.md-journal.com transfusion efficiency analysis could be affected by missing data, as the records of Hb in the pre transfusion period or within 24hour post transfusion were lacking. Further comprehensive prospective studies are warranted to confirm this finding.
In conclusion, we conducted the largest retrospective study on hospitalized AIHA patients with comprehensive data of the demographic characteristics, diagnosis and treatment and found that the rate of transfusion reactions did not increase and that the transfusions were effective, even in those with high HTR risk, with the use of least incompatible RBCs; moreover, those with transfusion triggers between 40 and 50 g/L seemed to suffer least from RBC destruction caused by autoantibodies.
